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© Pyridinecarboxylic acid amide derivatives and pharmaceutical compositions comprising same. 

© Compounds are disclosed of the formula 
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wherein R, is hydrogen; Ci-C 6 alkyi: Cs-Ct cycloalkyl or diphenylmethyl; 
Y is -NH(CH 2 ) n -R2 or 



R 2 is OH or -ON0 2 ; 

t is 2 or 3; m is 0 or 1; and n is 2 to 8; and physiologically acceptable acid addition salts thereof. The 
compounds of formula (i) are of a blood flow-increasing and hypotensive actions and can be used for the 
therapy or prevention of diseases in the cardiovascular system. 
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PYRIDINECARBOXYLIC AC.D AMIDE DERIVATIVES AND PHARMACEUTICAL COMPOSITIONS COMPRIS- 



1NG SAME 

FIELD OF THE INVENTION 



The present invention re.ates to new pyridinecarboxylic acid amide derivatives, a process for preparing 
peripheral circulation, ischemic heart diseases and hypertensions. 



w 



BACKGROUND OF THE INVENTION 
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i„ wane* ^-^^SS^X"^" „, MAC, in rftacy . Mpt w« 

DISCLOSURE OF THE INVENTION 
According to the invention, there are provided pyridinecarboxylic acid amide compounds of formula (!) 

Ri _ N ^ N -(CH 2V -rtcOV d> 
(CH 2 ) £ \=/ 

35 wherein R, is hydrogen; C,-C G alky.; C 3 -C 6 cycloalkyl or diphenylmethyl; 
Y is -NH(CH 5 )„-R2 or 

R 2 is OH or -ON0 2 ; 



45 



50 



?Vl p 0 nrTm°is o'or v and n is 2 to 8; and physiologically acceptable acid addition salts thereof 

Representative examples of the compounds according to the invention are as follows. 

1) N-(2-Hydroxyethylh6-(4-methyl-1-piperazinyl) nicotinamide, 

2) N-f2-Hydroxyethyl)-6-(l-piperazinyl)nicotinamide. 

3) NK2-Hydroxyethyl)-5-(4Kliphenylmethyl-l-piperazinyl)nicotinam l de, 

4) NH2-Hydroxyethyl)-6-(4-ethyl-l-piperazinyl)nicotinamide. 

5) N-(2-Hydroxyet»iyl)-6K4<yclopentyl-i-pipera2inyl)nicotinam.de. 

6) N -(2-Hydroxyethyl)-6-(4-methyl-i-homopipera2inyl)nicotinam.de. 
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7) N-{2-Hydroxyethyl)-2-(4-methyl-l-piperazinyl)nicotinamide. 

8) N-(2-Hydroxyethyth6-(4-methyl-1-pipera2inylmethyl)nicotinamide, 

9) N-(2-Hydroxyethyl)-6-(4-diphenylmethyl-1-piperazinylmethyl)nicotinarnide. 

10) N-(3-Hydroxypropyl)-6-(4-methyl-1-piperazinyl)nicotinamide, 

11) N-(2-Nitroxyethyl)-6-(4-methyl-1-piperazinyl)nicotinamide. 

12) N-(2-Nitroxyethyl)-6-(4-methyl-1-piperazinyl)nicotinamide dihydrochloride. 

1 3) N-(2-Nitroxyethy l)-6-(4-ethy I- 1 -piperaziny l)nicotinamide dihydrochloride. 

1 4) N-(2-Nitroxyethy l)-6-(4-methy I- 1 -homopiperazinyl)nicotinamide dihydrochloride, 

1 5) N-(2-Nitroxyethy i)-6-(4-methyl-1 -piperazinylmethyl)nicotinamide, 

1 6) N-(2-Nitroxyethy l)-6-(4-diphenylmethyl- 1 -piperaziny lmethyl)nicotinamide. 

1 7) N-(2-Nitroxyethyl)-2-(4-methyM -piperazinyt)nicotinamide. 

18) N-(2-Nitroxyethyl)-2-(4-methyl-l-piperazinyi)nicotinamide dihydrochloride, 

1 9) N-(2-Nitroxyethyl)-6-(4-diphenytmethyl-1 -piperaziny!)nicotinamide, 

20} N-(2-Nitroxyethyl)-6*(4-diphenylmethyM -piperaziny l)nicotinamide dihydrochloride, 

21) N-(3-Nitroxypropyl)-6-(4-methyl-l-piperazinyl)nicotinamide, 

22) N-(3-Nitroxypropyl)-6-(4-methyl-1 -piperaziny l)nicotinamide dihydrochloride, 

23) N-(4-Hydroxybutyt)-6-(4-methyM -piperazinyl)nic.otinamide, 

24) N-(4-Nitroxy butyl)-6-(4-methyl- 1 -piperaziny l)nicotinamide, 

25) N-(5-Hydroxypentylh6-(4-methyM -piperaziny l)nicotinamide, 

26) N-(6-Hydroxyhexyl)-6-(4-methyl-1 -piperazinyl)nicotinamide, 

27) N-(8-Hydroxyoctyl)-6-(4-methyM -piperazinyl)nicotinamide, 

28) 4-Hydroxy-1-[6-(4-methyl-1-pipera2inyl)nicotinyl]piperidine, 

29) N-(5-Nitroxypentyl)-6-(4-methyl-l -piperazinyl)nicotinamide. 

30) N-(6-Nitroxyhexyl)-6-(4-methyl-1-piperazinyl)nicotinamide, 

31) N-(8-Nitroxyoctyl)-6-(4-methyl-1-piperazinyl)nicottnamide. and 

32) 1 -[6-(4-methyl- 1 -piperazinyl)nicotinyl]-4-nitroxypiperidine. 

The compounds of the invention can be prepared by reacting a compound of formula (II) 



wherein Ri. I and m are as defined above and R 3 is hydrogen or Ci-C 6 alkyl, with an amino compound of 
formula (III) 
NH 2 -(CH 2 )„-R2 (III) 

wherein R 2 and n are as defined above and optionally subjecting the resulting reaction product where R 2 is 
OH to esterification with nitric acid to give a compound of formula (I) 



wherein Ri, Y, I and m are as defined above, or if necessary, converting the compound thus obtained to a 
physiologically acceptable acid addition salt. 

Alternatively, the compounds of formula (I) wherein Y is -NH(CH 2 ) n -R 2 (Ra is OH or -ON0 2 and n is 5-8) 
and Y is 




(II) 




(I) 




(R 2 is OH or -ON0 2 ) can be prepared by reacting a compound of formula (IV) 
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X-(CH 2 ) ,COX 




(IV) 



wherein X is ha.ogen and m is 0 or 1 with a compound of the formula NH 2 (CH 2 )„OH (n is 5-8) or 

o 



70 HN VOH 



75 



20 



25 



in an 



organic solvent to form a compound of the formula 

X ~ ( CH 2 > m^T— V C0NH( } n ° H 




or 



X-(CH 2 ) 



m 




N 



30 wherein X. m and n are as defined above and further condensing said compound with a compound of the 
formula 



35 



40 



45 



R.-N NH 

wherein R, is as defined above in the presence of an acid-binding agent to give a compound of formula (I) 
wherein Y is -NH(CH 2 ) n -OH or 

~ n O~ oh# 

or esterifying the resulting compound to form a compound of formula (.) wherein Y is -NH(CH 2 ) n -ON0 2 or 



-o 



ON0 2< 
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acetate or dichloromethane. distilling off the extraction solvent from the extract and subjecting the residue to 
recrystallization or chromatography. 

In cases where R 2 in the condensation product obtained is OH, a compound of formula (I) wherein R 2 is 
ON0 2 can be produced by dissolving or suspending said condensation product in an organic solvent. 

5 adding fuming nitric acid or a mixture of fuming nitric acid and acetic anhydride to the solution or 
suspension under ice-cooling and stirring the resulting mixture for 1-4 hours to form a nitrate ester. 

In case of using a compound of formula (II) wherein R 3 is hydrogen, the compound (II) and an amino 
alcohol or its nitrate ester of formula (ill) are subjected to condensation reaction in an organic solvent in the 
presence or absence of an appropriate amidating agent to form a compound of formula (I). 

to The reaction solvents used in these reactions include an aliphatic hydrocarbon such as n-hexane or 
petroleum ether; an aromatic hydrocarbon such as benzene, toluene or xylene; an alicyclic compound such 
as cyclohexane; a halogenated hydrocarbon such as carbon tetrachloride, chloroform, dichloroethane or 
trichloroethane; an aliphatic ketone such as acetone or methyl ethyl ketone; acetonitrile; N.N-dimethylfor- 
mamide; dimethylsulfoxide or the like. Purification and isolation of the desired compounds are also carried 

tz out by a conventional method. Thus, a purified desired condensation product is obtained by distilling off the 
solvent after completion of the reaction, pouring the residue into an aqueous solution of sodium hydrogen 
carbonate, extracting the resulting mass with an organic solvent such as diethyl ether, ethyl acetate or 
dichloromethane. distilling off the extraction solvent from the extract and subjecting the residue to 
recrystallization or chromatography. 

20 The compounds of formula (I) thus produced can be converted to acid addition salts thereof by a 
conventional method. The acid addition salts include acid addition salts of the compounds with an inorganic 
acid such as hydrochloric, sulfuric, phosphoric, hydrobromic or nitric acids, and acid addition salts of the 
compounds with an organic acid such as acetic, propionic, succinic, butyric, malic, citric, fumaric or tartaric 
acids. 

25 The compound of formula (U) can be produced by condensing a compound of formula (V) 




wherein X is halogen and R 3 is hydrogen or Ci-Ce alkyl with a compound of formula (VI) 
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(VI) 



wherein Rt is hydrogen, C,-C 6 alkyl, C 3 -C 6 cycloalkyl or diphenylmethy! and I is 2 or 3 in the presence of 
an acid-binding agent. In cases where Ri in a compound obtained^ by the condensation reaction is 
hydrogen, if necessary, the compound and a compound of the formula r\-X wherein R 1 is Ct-Cs alkyl and 
X is halogen may be reacted in an organic solvent in the presence of an acid-binding agent to give a 
compound of formula (II) wherein Ri is C-Cg alkyl. A compound of formula (II) wherein R t is hydrogen can 
be converted to a compound of formula (II) wherein R1 is methyl by reaction with a mixture of formaldehyde 
and formic acid. The reaction can be accomplished under the reaction conditions described in Organic 
Synthesis Vol. 3, pages 723-725. 

As clearly seen from the results of a pharmacological test shown below, the compounds of formula (I) of 
the invention exhibit marked blood flow-increasing and hypotensive actions in warm-blooded animals and 
can be used for the therapy or prevention of diseases in the cardiovascular system. Diseases in the 
cardiovascular system include disturbances of cerebral or peripheral circulation, ischemic heart diseases 
and hypertensions. 

Thus, the invention further relates to pharmaceutical compositions for use in the therapy or prevention 
of the above-mentioned diseases, which comprise as an active ingredient a compound of formula (I) or a 
physiologically acceptable acid addition salt thereof. 

The pharmaceutical compositions of the invention can orally or parenterally be administered in the 
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30 



weight for injection. , no ,. n linnn thfa mode an( j r0 ute of administration, 

active ingredient can be about 1 to 1000 mg per kg of body weight. 

The invention is further illustrated by the following non-lim.tat.ve examples. 



10 talc 



15 



Example 1 



Preparation of N-(2-hydrox y etbyl)-6-(4- m ethyl-1-piperazinyl)nicotina m ide (compound 1) 

A mixture of 3.29 g of methyl e^-methy.-l-piperazinyDnicofinate. 2.02 g of 2-aminoethano. and 1.00 g 

,) to^ve 3 02 g of NH2-hydroxyethy.)-6-(4-meth y M-piperaziny.)nicotinam.de (y.eld 94%). 



Examples 2-10 



nomopiperaz^ t0 give ^2-hydrox- 

40 n.cot.nate, and methyl 6-<4-d.pheny metnyi p.p » ^^^^phenylmrthW^IMperaan^ 
yethylWl-pi^aziny^^ (compound 4) . N . (2 . 

nicotinamide (compound 3). N-(2 -hydroxyetnyu a-!*- ™* vv ' N . (2 -hvdroxyethyl)-6-(4-methyl-1- 
hydroxyemyW-cyclopentyM^^ 

hydroxypropyl)-6-{4-methy|.1.piperazinyl)nicotinamide (compound 10). 



50 



Examples 11-12 



Preparation of N^-hydroxyethyl^-methyH-piperazinyOnicotinamide (compound 11) and its dihydroch- 
55 loride (compound 12) 

To an ice-cooled so.uuon of 11.00 g of the f^^^^^^^l"^ 
chloride was added dropwise 5 ml of fuming nitnc acd wh.le sfmng below 0 C. The st.rr.ng 
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for 2 hours. The reaction mixture was poured into an aqueous sodium hydrogen carbonate solution and 
extracted with methylene chloride. The extract was washed twice with water and once with a saturated 
aqueous saline solution, dried over anhydrous magnesium sulfate and concentrated to afford N-(2- 
nitroxyethyl)-6-(4-methyl-1-pipera2inyt)nicotinamide. The product was dissolved in ethanol and to the 
5 solution was added under ice-cooling hydrogen chloride-saturated ethanol. The hydrochloride thus formed 
was recrystailized from ethanol to give 0.54 g of N-(2-nitroxyethyl)-6-(4'methyl-1-piperazinyl)nicotinamide 
dihydrochloride (yield 34%). 

w Examples 13-16 

The same procedures as above were repeated but replacing compound 1 by compounds 4, 6. 8 and 9. 
respectively to prepare N-(2-nitroxyethyl)-6-(4-ethyl-1-piperazinyl)-nicotinamide dihydrochloride (compound 
13), N-(2-nitroxyethyl)-6-(4-methyl-1-homopiperazinyl)nicotinamtde dihydrochloride (compound 14), N-{2- 
/5 nitroxyethyl)-6-(4-methyl-1-pipera2inylmethyl)nicotinamide (compound 15) and N-(2-nitroxyethyl)-6-(4- 
diphenylmethyl-1-piperazinylmethyl)nicotinamide (compound 16), respectively. 



Examples 17-18 

20 

Preparation of N-(2-nitroxyethyl)-2-(4-methyl-1- piperazinyl)nicotinamide (compound 17) and its dihydroch- 
loride (compound 18) 

25 To a solution of 1.27 g of compound 7 prepared in Examples 2-10 in 13 ml of acetonitrile was added 
dropwise a mixture of 2.0 g of fuming nitric acid and 1.4 g of acetic anhydride while maintaining the 
temperature below -10* C. The mixture was stirred for 4 hours, then poured into an aqueous sodium 
hydrogen carbonate solution and extracted with methylene chloride. The extract was washed twice with 
water and once with a saturated aqueous saline solution, dried over anhydrous magnesium sulfate and 

30 concentrated to give N-(2-nitroxyethyl)-2-(4-methyl-1-pipera2inyl)nicotinamide (compound 17). The product 
was dissolved in ethanol, and to the solution was added under ice-cooling hydrogen chloride-saturated 
ethanol. The hydrochloride thus formed was recrystailized from ethanol to give 1.32 g of N-(2-nitroxyethyl)- 
2-(4-methyl-1-piperazinyl)nicotinamide dihydrochloride (compound I8)(yield 66%). 

35 

Examples 19-22 

The same procedures as above were repeated but replacing compound 7 by compounds 3 and 10. 
respectively to prepare N-(2-nitroxyethyl)-6-(4-diphenylmethyl-1-piperazinyl)nicotinamide (compound 19) 
40 and its dihydrochloride (compound 20), N-(3-nitroxypropyl)-6-(4-methyl-1-piperazinyl)nicotinamide 
(compound 21) and its dihydrochloride (compound 22). 



Example 23 

45 

Preparation of N-(4-hydroxybutyl)-6-(4-methyl-1-piperazinyl)nicotinamide (compound 23) 

The same procedure as in Example 1 was repeated but replacing 2-aminoethanol by 4-aminobutanol to 
so afford N-(4-hydroxybutyl)-6-(4-methyl-l-piperazinyl)nicotinamide. 



Example 24 

The compound obtained in Example 23 was esterified in the same way as in Example 17 to give N-(4- 
nitroxybutyl)-6-(4-methyl-1 -piperazinyl)nicotinamide (compound 24). 



7 
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Example 25 



20 



Preparation of N^hydroxypentyl^methyt-l-piperazinyljnicotinarnide (compound 25) 

cry s,a,s of 6-chloronicotinoy. ch.orida A ^^^Zt T^^ 

nicotinamide (yield 89%). 



Examples 26-28 



25 



4-hydroxrl-[6-(4-methyl-1-pipera2iny!)nicotinyl]p.pendine (compound 28), respecfcveiy. 



30 



35 



40 



Examples 29-32 



properties. 
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B.ood now-increasing and hypotensive actions were equated tor the representative compounds of the 
invention by the method as described below. 



TO 



15 



(Experimental method) 

Mean Mood pressure ~> TJlZ^ZZS ^SSiadoJ <* . mg*9. Results 

Table 2 







Percent (%) Increase in Blood Flow 




20 


Compound 
No. 


Vertebra! 
artery 


Common 
carotid artery 


Femoral 
artery 


Percent (%) Decrease in 
Mean Blood Pressure 


25 
30 


2 
12 
13 
14 
18 
20 
22 
24 
29 


+ 10 
+ 137 
+ 158 
+ 69 
+ 56 
+ 36 
+ 140 
+ 80 
' +106 


+ 41 
+ 55 
+ 50 
+ 18 
+ 9 
+ 11 
+ 30 
+ 50 
+ 113 


+ 80 
+ 95 
+ 22 
+ 46 
+ 2 
+ 97 


-10 
-16 
-9 
-10 
-2 
-12 
-17 
-25 
-37 




30 


+ 97 


+ 100 





3S Usefu, pharmaceutica, dosage-forms for administration of the compounds of this invention are iHustrated 
below. 
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Tablets (per tablet) 

N-(2-Nitroxyethyl)-6-(4-methyl-1-piperazinyl)nicotinamide 

Lactose 

Crystalline cellulose 
Corn starch 
Magnesium stearate 



10 mg 
67 mg 
15 mg 
7mg 
1 mg 



100 mg 



nnifrtrm i v b ,ended to prepare powders for direct tableting. The powders were 



55 
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Granules ( per pack ) 



w 



15 



N- ( 2-Nitroxyethyl )-6- ( 4 -methyl- 1- 
piperazinyl ) nicotinamide 


10 


mg — 


Lactose 


90 


mg 


Corn starch 


50 


mg 


Crystalline cellulose 


50 


mg— 


Hydroxypropyl cellulose 


10 


mg— | 


Ethanol 


90 


mg— J 



20 



Component A was uniformly blended, to which was added solution B. The mixture was kneaded. The 
kneaded mass was graded by the extrusion granulating method and then dried in a drier at 50 C. The 
dried granules were screened to a mesh range between 297 urn and 1460 um to prepare granules. One 
pack weighed 200 mg. 



25 



Syrups 


N-(2-Nitroxyethy l)-6-(4-methyl- 1 -piperaziny l)nicotinamide 


1 .000 g 


White sugar 


30.000 g 


D-Sorbitol 70 w/v% 


25.000 g 


Ethyl paraoxybenzoate - 


0.030 g 


Propyl paraoxybenzoate 


0.025 g 


Flavors 


0.200 g 


Glycerin 


0.150 g 


96% Ethanol 


0.500 g 


Distilled water 


q.s. 




Total to 100 ml 
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White sugar, D-sorbitol, methyl paraoxybenzoate. propyl paraoxybenzoate and the active ingredient 
were dissolved in 60 g of warm water. After cooling, a solution of the flavors in the glycerin and the ethanol 
was added. To the resulting mixture was added the water to 100 ml. 



Injections 


N-(2-Nitroxyethyl)-6-(4-methyl-1-piperazinyl)nicotinamide 
Sodium chloride 
Distilled water 


1 mg 
10 mg 
q.s. 


Total to 1.0 ml 



50 



Sodium chloride and the active ingredient were dissolved in distilled water to a total volume of 1.0 ml. 
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Suppositories 




N .(2-Nitroxyethyl)-6-(4-memylM.pipera2.nyl)nicot»nam.de 

Polyethylene glycol 4000 
Glycerin 


2g 
20 g 
78 g 


Total to 100 g 



suppositories each weighing 1.5 g. 



js Claims 

1 . A compound of formula (I) 



20 
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V N ( ) N - (CH 2 ) I TT 

(CH 2 ) £ \ 




COY 



(I) 



serein R, is hydrogen; C,-C 6 alky.; Crft cycloalKy. or diphenyimethyl; 
Y is -NH(CH 2 )„-R2 or 



30 



35 r 2 is OH or -ON0 2 ; „ hu<! ininnirallv acceptable acid addition salts thereof. 

40 4. A compound of Claim 1 or 2 wherein Y is 



45 



50 



55 



and R 2 is OH or -N0 2 . «nw-inrreasina and hypotensive actions which comprises 

thereof and a pharmaceutical accepta ^ te .^', flow . increa sinq and hypotensive actions which com- 

jl : ssrsr™ 1 - a-. — 

salts thereof and a pharmaceutical^ acc eptable ca me ^ . hypotensive actions which comprises 

. zzsszs^xxxzszi — - 

thereof and a pharmaceuticaily «cep«j* ■« J« ( ^ nypo tensive actions which comprises 

thereof and a pharmaceuticaily acceptable earner. 
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9. A pharmaceutical composition containing one or more of the compounds of any of Claims 1 to 4 or 
physiologically acceptable addition salts thereof and pharmaceutical^ acceptable carrier. 

10. Use of the compounds of any of Claims 1 to 4 for the preparation of medicaments having blood flow 
increasing and hypotensive actions. 

5 
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